Water resources in Egypt have become stressed due to changes in climate patterns. Egypt is characterized by two seasons, a mild, wet winter and a hot, dry summer. In recent years, many areas have become vulnerable to the impact of extreme climate events. The impact of these events on water supplies has become more pronounced. This study states that there is a tangible impact of extreme climate events upon both water resources quality and water supplies. The Nile river water turbidity was investigated as an operational indicator for the water treatment plants (WTPs). The results illustrated that an unprecedented increase in average turbidity of raw water in Upper Egypt (from 4 up to 110 NTU) led to a cut in water supplies for up to 100 hours in some areas. While in Alexandria the turbidity did affect WTP operation efficiency, safe water could still be produced. Cuts in water supply would have an impact on hygiene and make people prone to use unsafe water sources. These consequences stimulate water supply bodies to develop action plans to mitigate and/or avoid such potential impacts on public health. This study suggests proposed steps to develop an appropriate plan to face such extreme events.
INTRODUCTION
Climate change could be considered to be the most severe environmental problem the world is facing today. The problem will not be eliminated but civilization will be forced to adapt to the new conditions. One of the key issues in the adaptation process is the sustainability of water resources. The water resources undergo stress as a result of many factors, such as water quality variation, urban development (domestic water consumption, industrialization, agriculture, and urbanization), and population growth.
For heavy rainfall and strong hydrologic conditions, runoff and solid material transportation are the main consequences. For countries in the temperate zone, climate change will decrease the number of rainy days but increase the average volume of each rainfall event (Brunetti et al. ; Bates et al. ) . As a consequence, drought-rewetting cycles may impact water quality as they enhance decomposition and flushing of organic matter into streams (Evans et al. ) . Many of the reported outbreaks were observed after heavy rainfall events, which suggests that supply. Extreme weather affects both surface water and ground water resources, but distribution systems and wastewater treatment plants are also, to varying degrees, not designed to cope with extreme weather. With excessive rainfall, runoff causes the water in many surface water sources to become too turbid to treat with a higher content of humus, but it may also contain more pathogens. Climate change is believed, therefore, to affect both groundwater and surface water sources, but surface water sources are particularly vulnerable to extreme weather events because surface water resources exhibit greater and quicker variations in quality than groundwater sources (Delpla et al.
).
Sustainable management of water resources requires the design of appropriate strategies, approaches, and measures to achieve an optimal distribution and use of water.
Hence, preparations for these events in the future are necessary to develop such sustainable concepts.
Egypt is a part of the East Mediterranean region which is characterized by mild, wet winters and hot, dry summers (Said et al. ). Precipitation rates drop quickly as one moves away from the coast. Most of Egypt receives about 2 mm of precipitation per year. Thus, most of Egypt is a desert and can be classified as arid. The exception is the slightly wetter Mediterranean coast, which can be considered semiarid (MrGeogWagg ).
The Nile delta varies in extent under the impact of storm surges and heavy rains due to extreme climate events. The trend for these extreme climate events is to become longer term and longer lasting. The heavy rainfall across Egypt has caused rapid flooding affecting many regions of the country. This heavy rainfall swept away a great deal of dirt and dust from surrounding environments to the watercourses, which would have a great influence on the quality and quantity of the water.
This study concentrates on two significant events which had a severe influence on water supplies in two different regions at different times. The first event was a heavy rain- 
Upper Egypt

Geographically
The second investigated area is the Upper Egypt area consisting of two different topographic features, the Sahara 
Water supply
The River Nile and the irrigation canals represent the main water resources in Sohag Governorate; these represent about 70% of the drinking water production in the governorate and the remaining 30% is abstracted from groundwater. 
where x is the explanatory variable and Y is the dependent variable. The slope line is b, and a is the intercept (value of y when x ¼ 0). The slope of regression describes the trend whether positive or negative. In this study independent variable Y is rainfall and explanatory variable X is the year (Dindang et al. ) .
In this study, Microsoft Excel was used to calculate the trend lines and statistical values of linear regression analysis.
For the other subject of analysis, water quality data was collected from intakes of WTPs highlighting turbidity because it has a significant influence on WTP operation.
This approach was helpful in studying the potential impact of the extreme climate events on the water supply sustainability.
RESULTS AND DISCUSSION Precipitation
Historical data concerning the precipitation rate and the rainy days were compiled and covered the period 1980-2015. These data are analyzed and illustrated graphically to demonstrate the trend of climate pattern during the study period.
Precipitation rate in the north-west of the Nile delta (Alexandria region)
It is clear from Figure 4 that the precipitation rate has tended to increase, especially in the last decade. The exception occurred in 2010 when precipitation was much lower than the normal rate at 67.08 mm.
In contrast, the number of rainy days has tended to decrease even with a high precipitation rate. So the gap between the precipitation rate and the number of rainy days has become wider. This means that a large amount of rainfall occurs in fewer days, which seems unusual. This may indicate a change in the climate towards more extreme events, at least during the study period. On a yearly basis and returning to the historical data, the heavy rain events change from month to month (Table 1) ; this makes early prediction difficult. At the same time, prediction of the effect of these events on the Nile River seems inapplicable; this is because the severity of these events depends on the direction and the pattern of rain-bearing clouds. Regarding the significant amount of precipitation that occurs in only a few hours, leading to severe flooding, 
Extreme climate impact on water quality
The combination of precipitation rate and the monthly average of raw water turbidity are very helpful in understanding Extreme climate impact on water quality in the north-west of the Nile delta (Alexandria region) Figure 8 illustrates how the heavy rains have a slight impact on the turbidity of water resources and an unusual increase in turbidity was more evident concurrently with the heavy rains in October. This feature could be attributed to heavy rains that sweep away the soil and clay from cultivated lands into watercourses, especially in locations away from urban areas. On the other hand, the water quality still allows operation of the WTPs; however, such events have an influence on the filter washing time intervals, which were decreased from 24 hours to less than 16 hours which of course decreased the amount of produced water.
Extreme climate impact on water quality in Upper Egypt
Examining Figure 9 , the significant influence of heavy rains on the water turbidity of the River Nile is more evident.
March saw an unexpected increase in turbidity levels of the Nile River that had a direct impact on the sustainability of water supplies in Sohag Governorate. 
CONCLUSIONS AND RECOMMENDATIONS
Extreme climate events as a result of climate variability have an impact on both water supply and sanitation systems efficiency; so the water utilities and also the sanitation systems become more stressed, which would increase the probability of cutting water supplies, reducing hygienic behavior, which would have a potential impact on public health.
Despite the fact that flash floods in arid areas are generally rare and infrequent (Reid et al. ) , observations of heavy rain events in recent years indicate that they have become noticeably more frequent.
The rainfall could be predicted by meteorological measurements, but the amount, frequency, severity and even the timing (sometimes) of the heavy rain is variable and unpredictable over the years studied.
Therefore, water suppliers have to seek approaches and adaptation measures to deal with the sudden extreme climate events or other incidents that may affect the water supplies to ensure the sustainability of supplies in the framework of the sustainable water management concept.
Adaptation measures
Climate change and its related events are presenting more and more new challenges to traditional water supply management.
Within the water management framework, the climate features are relatively beyond the scope of water managers and experts. Also, the water suppliers' bodies have limited knowledge of climate change vulnerabilities.
Among the water management bodies, a great deal of adaptation measures, policies, and strategies could be developed to mitigate the impacts and the potential risks as well.
However, to integrate all of these efforts there must first be a minimum requirement of consensus, understanding, and sense of responsibility among the stakeholders.
Concerning water supply bodies, this study seeks to determine a potential action plan in order to develop adaptation measures as a response to extreme climate events.
For existing adaptation measures and plans, multidimensional concepts and approaches are taken into consideration in the framework of integrated water management and public health-based targets. These measures must involve the main steps including: warming-up, planning, actions, and evaluation/feedback shown in Table 3 .
